INTRODUCTION
Mature sporangia from the hemolymph of infected B. orientalis larvae and vegetative cells cultured on MYPGP plates for 2 days at 30°C were used to measure the widths and lengths of 100 sporangia and vegetative cells under a microscope. Growth at 10, 15, 20, 25, 30, 35, 40, and 42°C , in the presence of 0, 0.5, 1.0, 2.0, and 3.0% NaCl, and in 0.001% lysozyme was determined using MYPGP medium as the basal medium. Growth at pH 5.6 was determined using Sabouraud dextrose agar. Vancomycin resistance was determined by growth on MYPGP containing 100 mg/ml vancomycin. In all of the tests, the incubation temperature was 30°C, except for the growth tests at various temperatures. The tests of Gram staining, mobility, Voges-Proskauer reaction, presence of catalase, and anaerobic growth followed the protocols described by Thiery and Frachon (1997) .
Isolation of plasmid DNA. Vegetative cells were cultured in J-medium (St. Julian et al., 1963) for 2 days at 30°C. Plasmid DNA was isolated from vegetative cells by the method of Matsuki et al. (1997) . The isolated plasmid DNA was subjected to agarose gel electrophoresis on 0.8% gels.
Sequencing 16S rDNA. Vegetative cells of this strain were cultured in J-medium for 2 days at 30°C and collected by centrifugation. Genomic DNA was isolated from the vegetative cells according to the phenol-pH 9 method (Saito and Miura, 1963) , with proteinase K treatment following RNase treatment. A pair of primers (27F: AGAGTTTGATCM-TGGCTCAG and 1492R: TACGGTTACCTTGT-TACGACTT) designed to amplify almost the full length of 16S rDNA, and genomic DNA as a template were used for the polymerase chain reaction (PCR). The PCR product was inserted into pZero vector (Invitrogen, U.S.A.) digested by EcoRV and transformed to Escherichia coli DH5a. The sequence of the PCR product was determined with a BigDye Terminator Cycle Sequencing FS Ready Reaction Kit (Applied Biosystems, U.S.A.) using an ABI373 (Applied Biosystems) automatic DNA sequencer. The program Gene Matcher was used to conduct a homology search of the determined sequence via the Internet. Three strains of B. popilliae, supplied by Dr. S. Asano, Hokkaido University, were used as Japanese reference strains: B. popilliae var. popilliae Mame, var. popilliae Hime, and var. popilliae Sakura, isolated in Hokkaido, Japan (Matsuki et al., 1997) . Vegetative cells of the three strains were isolated, and their 16S rDNA sequences were determined using the same method described above, except pT7Blue (Novagen, U.S.A.) was used as the cloning vector.
Bioassay. Sporangia from the hemolymph were washed three times with sterile water, prepared at 1.5ϫ10 8 sporangia/ml in sterile water, and used as inocula. Five species of scarab larvae were used in the bioassay: third stadium larvae of B. orientalis, Anomala rufocuprea and Phyllopertha diversa, and second stadium larvae of A. cuprea and P. japonica reared in our laboratory. Individual larvae were released in plastic cups (5.8 cm in diameter, 3.0 cm in depth) containing 13-14 g of humus and 1 ml of inoculum. The cups were incubated at 25°C for 4 weeks. Dead larvae of A. cuprea, B. orientalis, and P. japonica were collected daily and ground individually in 1 ml of sterile water using a mortar and pestle. The number of sporangium in the resulting suspension was counted with a hemacytometer.
RESULTS
Characteristic footprint-shaped sporangia with a large terminal spore and a smaller parasporal body were isolated from the hemolymph of B. orientalis larvae with milky disease (Fig. 1) . The parasporal bodies were attached directly to the tops of the spores. Since 'Semadara kogane' is the common name for B. orientalis in Japanese, this strain was named strain 'Semadara'.
The bacteriological characteristics of Semadara strain are shown in Table 1 . The sporangia were 524 T. YOKOYAMA et al. 1.3-1.8ϫ4.2-6.2 mm (average: 1.6ϫ5.1 mm). The vegetative cells were non-motile, gram-negative rods, which measured 0.5-1.0ϫ2.5-7.5 mm (average: 0.8ϫ5.4 mm). Growth occurred at temperatures of 20-40°C and at NaCl concentrations of 0-0.5%, but did not occur at 42 or 15°C, or in 1, 2, or 3% NaCl. This strain grew in 0.001% lysozyme, and did not grow on Sabouraud dextrose agar. This strain was negative for the Voges-Proskauer reaction and the presence of catalase; it was not resistant to vancomycin. Figure 2 shows the plasmid profile of Semadara strain, which had two plasmids of about 9.8 and 5.5 kb.
Almost the full length of 16S rDNA (1,526 bp) was amplified from the genomic DNA of Semadara strain by PCR. The sequence of the PCR product is registered in DDBJ database under accession number AB110988. It was highly homologous with the sequences of the three strains isolated in Hokkaido (var. Mame, Sakura and Hime). The sequence of Semadara strain and the three Hokkaido strains differed by two or three bases. The homology of strains Mame, Sakura, and Hime to Semadara strain was 99.8, 99.9, and 99.8%, respectively ( Table 2 ). The three Hokkaido strains differed by one, three or four bases. A homology search via Internet revealed that the sequence of Semadara strain was more homologous with the 16S rDNA of Paenibacillus (Bacillus) lentimorbus ATCC 14707 T , registered in the databases under accession number AF071861 by Pettersson et al. (1999) , than those of Paenibacillus (Bacillus) popilliae NRRL B-4081 and P. popilliae ATCC 14706 T , registered under accession numbers AF071860 and AF071859 by Pettersson et al. (1999) , respectively (Table 2) . Although it was 97.7 and 97.6% homologous with the 16S rDNA of P. popilliae NRRL B-4081 and P. popilliae ATCC 14706 T , respectively, there were four gaps between the sequences of Semadara strain and the P. popilliae strains.
Semadara strain produced 100% mortality in third stadium larvae of B. orientalis, A. rufocuprea and P. diversa, and second stadium larvae of A. cuprea and P. japonica at 4 weeks, when the sporangia were inoculated at 1.5ϫ10 8 sporangia/cup (Table 3) . Although the infected larvae of B. orientalis, P. japonica, and P. diversa developed bodies with typical milky symptoms, the larvae of A. cuprea developed few symptoms. Sporangia were produced in all the dead larvae, except in those that died within 1 week of inoculation. The number of sporangium tended to increase with the number of days until larval death (Table  4) . Of the larvae that died 2-3 weeks after inoculation, the most sporangia were produced in B.
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T. YOKOYAMA et al. a The upper number is the average number of sporangia in dead larvae, the lower is a range from minimum to maximum.
orientalis, followed by A. cuprea and P. japonica.
DISCUSSION
Three characteristics, growth in 2% NaCl, presence of a parasporal body (Claus and Berkeley, 1986) , and resistance to vancomycin (Stahly et al., 1992; Rippere et al., 1998) , have been described as phenotypic traits to distinguish B. popilliae from B. lentimorbus. Semadara strain was unable to grow in 2% NaCl, it was susceptible to vancomycin, and had a parasporal body.
According to Bergy's manual, B. popilliae and B. lentimorbus share all but two characteristics; only B. popilliae has a parasporal body and can grow in 2% NaCl. However, Milner (1974) reported that B. popilliae var. rhopaea isolated from Rhopaea verreauxi had a parasporal body, but was incapable of growth in 2% NaCl. Rippere et al. (1998) and Harrison et al. (2000) also reported that some strains identified as P. popilliae were unable to grow in MYPGP medium containing 2% NaCl. Further, Rippere et al. (1998) and Harrison et al. (2000) reported that parasporal body formation was present in isolates of both species as defined by DNA similarity rather than being restricted to P. popilliae, as originally described. Stahly et al. (1992) reported that most B. popilliae strains originally isolated from Japanese and oriental beetles exhibited vancomycin resistance, while four of five Cyclocephala strains were vancomycin sensitive. Rippere et al. (1998) reported that all North American and European strains of P. popilliae were resistant to vancomycin, whereas all P. lentimorbus isolates were susceptible. By contrast, Harrison et al. (2000) reported that no P. popilliae isolates from Central or South America were resistant to vancomycin, and proposed that their and Rippere's results reflected the geographic distribution of the vancomycin-resistance gene.
Since only the phenotypic traits were unable to clearly distinguish B. popilliae from B. lentimorbus by the above descriptions, we tried to identify Semadara strain by analysis of the sequence of 16S rDNA. Recently, sequences of 16S rDNA have been used to identify and classify bacteria. Pettersson et al. (1999) . Therefore, Semadara strain may be more closely related to P. lentimorbus. Although this strain was identified as B. popilliae by the symptoms of the infected larvae and the footprint-shaped sporangia with a spore and a parasporal body in 1997, and deposited in the international Patent Organism Depositary (FERM BP-8068), we re-identified Semadara strain as P. lentimorbus by homologues of the sequence of 16S rDNA. The sequences of Semadara strain and three Hokkaido strains differed by two or three bases and the homology of strains Mame, Sakura, and Hime to this strain was 99.8, 99.9 and 99.8%, respectively, indicating a very close relationship. We also propose transfer of the three Hokkaido strains from B. popilliae to P. lentimorbus. The difference in the 16S rDNA sequences between the Japanese isolates and the traditional isolates P. lentimorbus ATCC 14707
T may depend on geographical distance.
The plasmid profiles of B. popilliae and B. lentimorbus are given in some reports (Valyasevi et al., 1990; Dingman, 1994; Matsuki et al., 1997) . The plasmid profile of Semadara strain was similar in size and number to those of B. popilliae var. popilliae Mame and var. popilliae Sakura reported by Matsuki et al. (1997) . This strain lacks the plasmid corresponding to pBP88 reported by Dingman (1994) .
Semadara strain isolated from the B. orientalis larvae exhibited high insecticidal activity against the larvae of five scarab species. Although the mortality in larvae of all five species was 100%, typical milky symptoms did not develop in A. cuprea larvae. Hidalgo et al. (1998) reported that several isolates caused mortality of up to 87.5% without the development of typical milky symptoms. Milky symptoms may develop only in host larvae when the relationship between isolates and hosts is suitable for the production of sporangia. also thank Dr. S. Asano, Hokkaido University for supplying three strains, B. popilliae var. popilliae Mame, var. popilliae Sakura and var. popilliae Hime, isolated in Hokkaido.
